A new concept has been proposed and elaborated to account for recent observations deviating from ΛCDM and ΛWDM. Using an intermediate energy conversion mechanism in the expanding universe and assuming three neutrino families with identical mass, a neutrino mass of 1.19 0.19 ± eV/c 2 has been found as well as a natural explanation for the difference in Hubble constant 
that there are a number of deviations in the CMB power spectrum such as the quadrupole anomaly, a lower Temperature-Temperature (TT) power spectrum at 20 -30 l = and a slightly enhanced first acoustic peak [2] [10] . From oscillation experiments, we also know that at least two of the three neutrino families must be massive [11] .
In this paper, dark matter is examined in a different cosmological model, using light dark matter particles in the eV range i.e. Hot Dark Matter (HDM), but still allowing for structure formation as observed.
First, a new concept is proposed for dark matter generation, starting from well-known physics and a single main additional assumption. Subsequently, the formulas used in the simulations to calculate the background are presented. In the third part, the simulations and results are dealt with, with the emphasis on the approach rather than the details. Finally, the predictions of these simulations are discussed, and three tests are proposed to compare theoretical results with observations.
Concept and Assumptions
The first Friedmann equation [12] describes how the scale factor evolves in a homogeneous and isotropic Friedmann-Lemaître-Robertson-Walker (FLRW) universe with matter, radiation and dark energy (cosmological constant) and is essentially an energy equation [4] . As energy is conserved locally in general relativity, one could imagine a mechanism converting kinetic and potential energy into mass. In the whole approach almost everything is based on well-known physics and there are very few assumptions. The main assumption is to take the proton with its characteristic radius of 0.88 fm p r = and typical string constant 1 R = GeV/fm [13] as representative for an underlying mechanism which is Journal of High Energy Physics, Gravitation and Cosmology unknown. See Section 4 for a justification of the value of R. This mechanism is thought to be capable of following the expansion of the universe temporarily and in doing so building up some small amount of energy, which is eventually released by generating neutral weakly interacting massive particle/antiparticle pairs with their initial kinetic energies depending on cosmological time.
Note that their center of mass is that of the nucleon they originate from, an indispensable feature to allow for structure formation in the universe with light HDM particles which is otherwise not possible [4] . This concept does not only allow for calculating the evolution of the characteristics of the universe but also results in specific predictions of, among others, the masses of the dark matter particles themselves. In addition to this main assumption, the universe is considered flat today with the possibility to vary towards the past and the Hubble constant, as obtained from measurements in the local universe, is taken as an input.
Calculation of Background
The evolution of the scale factor ( ) a t of the expanding universe is described by the Friedmann equation [14] which can be derived from the 00-component of the Einstein field equations of general relativity. Accounting for curvature it reads [12] ( ) ( )
where H is the Hubble parameter, tot ρ stands for the total energy density, c is the speed of light, G denotes Newton's constant and κ is a parameter representing curvature, which is negative in case of an open universe with sub-critical density.
The curvature term can also be represented by a fictive density [12] . The various energy contributions considered in this paper are the radiation from photons (subscript g), baryons (b), Standard Model (SM) neutrino radiation (nr) and neutrino mass (nm), generated dark matter radiation (dmr) and dark matter mass (dmm) as well as curvature (k) and dark energy (de). The SM neutrinos and the generated dark matter particles will turn out to be the same particles but their abundance and time and means of generation (non-thermal versus thermal) differ.
Taking into account the dependencies of the various species on the scale factor (see for example [4] ) and introducing the closure parameter defined as 
The subscript 0 refers to the current cosmological time and all z dependent Journal of High Energy Physics, Gravitation and Cosmology quantities are calculated through to the present time. It should be noted already that ( ) ,0 k z Ω depends on the redshift and is only zero at the present cosmological time 0 t . Similarly, the contributions with dark matter have a z dependence as well. The amount of dark matter radiation can be inferred from the total amount of energy generated per decay minus the energy associated with the mass of the corresponding dark matter particles. In view of the conservation of the "center of energy" [15] , it is considered as a matter contribution.
The photon ( ) abundances at 0 t follow directly from the equilibrium conditions in the early universe (see for example [4] 
Quantized packets of dark matter and radiation are calculated for logarithmically spaced intervals. At a specific redshift z the total amount of non-electromagnetically interacting matter and radiation consists of all previous contributions properly scaled to the redshift of interest as well as that of the new packet generated at that scale. These quantities can be converted then with Equation (4) and (5) in the desired z dependent closure parameters for the generated dark matter and radiation at 0 t . The closure parameter for the curvature is such that, when considered as a density, it makes the universe flat at that redshift, i.e. The dark matter particles are gradually generated during the expansion history of the universe, starting at the moment of baryogenesis (taken here as
In the initial stage enough energy has to be accumulated to account for the particle/antiparticle masses. After that, some additional energy build-up is required to get the system to decay. The average time to do so is crucial in order to calculate the evolution of the dark matter in the universe according to the concept presented here.
In case of the weak interaction, combining the decay width of a (virtual) [19] with the correction for the fermion masses m ν and m ν as obtained from [20] , the decay width
The factor of three stems from the assumption of three neutrino families with degenerate masses and F G is Fermi's constant. The corresponding decay time directly follows from the relation τ ≡ Γ  with  the reduced Planck constant.
The peculiarity here is that 
where Δ m t is the time for mass generation of a particle and antiparticle. Note that the Hubble parameter H a a ≡  is used and not the derivative with respect to the scale factor a. See for example [12] .
Finding the time for decay r t ∆ is a little more elaborate. Starting from the Journal of High Energy Physics, Gravitation and Cosmology general expression for the probability of a decay ( )
, where τ stands for the decay constant, the likelihood that a decay occurs in an interval d t t + is given by the probability that it does not happen in the first n intervals dt multiplied by the probability that it occurs in the next interval dt . The probability ( )
where dt t n = has been substituted and t is the total elapsed time for decay. This approximation becomes quite accurate for n sufficiently large e.g. 1000 n = .
The value for i τ follows directly from its definition τ ≡ Γ  and Equation (7) with
The Hubble parameter is that of the background at that time and is given by the Friedmann equation, but applied to the concept of gradually generated dark matter. tribution. It will turn out to be fairly sharply peaked and can be replaced by its average momentum. This simplifies the computational effort considerably.
It is well known that, as the universe expands, particles cool down and eventually become non-relativistic if they are massive. However, the type of distribution remains preserved. The key point is that the momentum is inversely proportional to the scale factor a [12] so that the total energy tot t ∆ of a particle with mass m scales as [1] ( ) ( ) The amount of radiation from relativistic particles is often expressed as an effective number of relativistic neutrinos. It is implicitly defined as [18] 4 3 7 4 1 8 11
where ν ρ stands for all types of radiation, whether dmr ρ or nr ρ , from relativistic particles and g ρ is the photon density. For the SM neutrinos, the radiation density nr ρ is obtained from [14] ( ) ( ) ( of their mass. Strictly speaking Equation (12) applies to particles with a thermal distribution but it is also used here to determine eff N for the generated neutrinos. Their total radiation density is obtained as described above.
Finally, a least squares method has been applied to astrophysical data to arrive at a justification of the value of R. To account for the magnitude of the error bars, the following fitting formula has been used [21] 
Simulations and Results
As in the previous section, we restrict ourselves to the evolution of the background parameters. The main task is to solve the Friedmann equation-Equation (2) In the Friedmann equation-Equation (2) the evolution of the densities of the standard components are implemented in the conventional way with their typical scaling. However, the dark matter fraction generated starts at zero and there is some curvature related to this deviation from "flatness". From an expansion point of view, the latter components are irrelevant as the universe is completely radiation dominated at that time. Integration is forward in time and as time evolves, dark matter and radiation are generated and curvature diminishes correspondingly.
After each integration loop, the z dependent dynamical contributions are updated in Equation ( tained from LSS data [16] . Best results are found for a nucleon potential with 1 R = GeV/fm. These values apply throughout this paper. Requiring that the total amount of matter must be generated by 1 a = and that the universe must be flat today, the mass of the dark matter particles can be determined and the evolution of all background quantities and parameters is completely fixed. Error With the expansion history determined by the (dynamical) evolution of the different components, the energy contributions of dark radiation and matter as generated by the concept used here, can be plotted as a function of a. Figure 2 shows the result. The instantaneous situation is plotted; cooling due to expansion has not been considered in this figure. At early times the amount of radiation exceeds by far the matter contribution. However, the impact remains limited as the dark matter quantity is very low at this stage and radiation quickly decays as time evolves. A main part of the dark matter is generated in the last decade and in absolute value the total dark matter radiation also continuously increases. See also Figure 4 . Additional structure formation power comes primarily from the fact that the generated dark matter originates from the baryons and inherits their instantaneous density perturbations due to the center of energy principle of the (relativistic) particle/antiparticle configuration. Consequently, baryons and dark matter are more strongly related than usual. The fact that dark matter is thought to originate from the baryon overdensities might also explain the mysterious conspiracy of both components as observed [22] .
In ΛCDM the evolution of the universe is determined by one or the other species for long times and transitions are rather short. If dark matter is considered to be continuously generated and the neutrinos contribute considerably, the story is different. Figure 5 shows the evolution of the equation of state parameter for all species together ( tot w ) and the neutrinos (thermal and non-thermal) specifically ( dm n w + ). Equation (11) Up to this point, the amount of dark matter and baryons, constituting the total matter content, have been considered as fixed. It is a promising sign that the outcome is so good with a single additional assumption and without fine tuning.
Simulations allow us to vary the matter contribution and quantify the impact on the main quantities of interest here. Figure 6 illustrates how the simulated neutrino mass m ν , the effective number of neutrinos at the CMB and 0 t as well as the age of the universe 0 t evolve, if the total amount of matter ,0 m Ω is varied.
According to the simulations a large matter fraction above 0.35 is not possible in view of the resulting young age of the universe, the small value for 
Predictions
A first firm prediction of the analytical work and simulations presented here is the mass of the dark matter particle ( 1.19 0.19
) and the fact that they are generated by the neutral current weak interaction and therefore are thought to be the standard model neutrinos. Note that the cosmology presented here is quite different from ΛCDM, which impacts the predictions considerably.
With a value of 1.19 m ν = eV/c 2 the predicted neutrino mass is just outside the range of experiments performed by Troitsk [25] and Mainz [26] some years ago but the Katrin experiment [27] starting up at this moment should be able to confirm or falsify this prediction in the very near future.
A second prediction is related to the effective number of neutrinos eff N and much effort is done to experimentally determine its value at various stages of the cosmological evolution. As can be inferred from Figure 4 eff N starts at the SM value of 3.046, becomes marginally larger at the CMB ( It is well known that there is some tension between the value of the Hubble constant as obtained from CMB data and that inferred from observations in the recent universe, see for example [16] . In addition, as explained in [2] 
Summary
A new concept has been proposed for the generation of dark matter, based on the nucleon with its characteristic radius and potential, which is thought to be representative of an underlying mechanism converting energy from the expanding universe into dark matter and radiation. Energy build-up first accounted for the mass to be generated and was then subject to a decay which has been assumed to be mediated by the weak interaction. Furthermore, the universe has been taken to A peculiarity of the approach taken is that the generated dark matter depends by definition on the baryons. This might explain the mysterious conspiracy observed between those components.
